The effects of the denso dwarfing gene and a locus determining daylength response on quantitative characters have been examined in random inbred lines. Since random inbred lines were produced from F1 hybrids by doubled haploidy and single seed descent it was possible to quantify the contribution of each individual locus to the additive genetic variation (D) for any given character. It was observed that the contribution of these loci to estimates of D decreased following rounds of recombination which therefore demonstrated that in these cases the association between major genes and quantitative characters was due to linkage disequilibria. The implications of these findings to barley breeding programmes are discussed.
INTRODUCTION
The isolation of single genetic factors affecting quantitatively varying characters is of great interest to plant breeders. Such associations may be due to pleiotropic effects and/or linkage disequilibrium. For the plant breeder the distinction between pleiotropy and tight linkage may not always be important, but since major genes are frequently manipulated in breeding programmes it is essential to examine the effects of such genes on agronomic characters. By producing random inbred lines it has been shown that the GP ert locus can influence the expression of quantitative characters in spring barley (Powell, Thomas, Caligari and Jinks, 1985) . Investigations using lines developed in this way allow the advantages and disadvantages of a particular genetic locus to be assessed in terms of other agronomic characters. The GP ert locus appeared to be associated with reduced grain weight, height and caused a reduction in single plant yield. An alternative simply inherited source of short straw is the recessive denso dwarfing gene (Haahr and von Wettstein, 1975) . This gene confers a prostrate growth habit and is present in the variety Universe. In this paper the analysis of random inbred lines is extended to include the denso dwarfing gene and a locus determining daylength response which is present in the variety Clipper (Thomson and Matthews, 1981) . Furthermore by comparing the contribution of alleles at these loci to estimates of the additive genetic variance (D) in F1 derived doubled haploids and single seed descent lines it is possible to assess the relative contribution of pleiotropy and linkage disequilibrium to any associations that may be detected. This information will enable the barley breeder to adopt the most efficient strategy for the deployment of these major genes in breeding programmes.
MATERIALS AND METHODS
Twenty doubled haploids (produced by the Hordeum bulbosum technique) were produced from possible to classify the inbreds from the 112 cross into two sub-groups (the denso and nutans groups) and similarly the TT5 cross could be classified into "early" and "late" groups. The method of sowing and details of scoring procedures may be found in Powell, Thomas, Caligari and Jinks (1985) . The characters scored were: height (Ht), thousand grain weight (TGW), yield of grain on the main stem (MSW), ear length (EL), number of fertile tillers (TN), number of grains per ear (GN), maturity (Mat), awn emergence (AE) and single plant yield (SPY).
RESULTS
The analysis of variance for the 9 variates scored on the Universe x Mazurka cross are presented in table 1. There were significant differences between DH lines for height, ear length and tiller number. The SSD lines displayed significant between line variation for height and maturity. In the case of the DH population there were significant differences between the two sub-populations (denso and nutans groups) for height, ear length and single plant yield indicating an association between this locus and these quantitatively varying characters. The means of the denso and nutans populations differed in the SSD population not only for height (as did the DH) hut also for grain number and awn emergence.
Estimates of the total additive genetic variation (D) and that associated with the denso dwarfing gene (calculated using the method of Al-Banna, Jinks and Pooni, 1984) for the DH and SSD lines are given in table 2. In the case of height, estimates The most striking feature of these data however, was the reduction in the contribution of the daylength response locus to quantitative variation following rounds of recombination. With the exception of maturity and awn emergence, as noted above, the daylength response locus did not contribute to quantitative variation in the SSD population. These data demonstrate very clearly that the association between the daylength response locus and quantitative variation was due to linkage disequilibrium rather than pleiotropy
DISCUSSION
The objectives of this investigation were to show the need for examining the effects of major gene loci on characters of agronomic importance.
Clearly the denso and daylength response loci are associated with quantitative, agronomic characters. By comparing the contributions of individual loci to the additive genetic variance in the DH and SSD populations it has been demonstrated that in these cases the associations are due to linkage disequilibria. The means and ranges for the parents, DH and SSD lines for the T15 cross are given in table 5 where awn emergence is omitted as it was used to classify the sub-populations. By 
